Recordings were made of 193 pant hoots given by 6 adult males during ad lib sampling over a 16-month period in 1988 and 1989. The presence or absence of a let-down phase, and acoustic measures of the let-down and climax phases of the calls, were compared for different call contexts to determine if an acoustically distinct pant hoot was given uniquely upon arrival at fruiting trees. The greatest proportion of pant hoots with a let-down (LD pant hoots) occurred immediately upon arrival at fruiting trees. However, LD pant hoots also occurred at other times during feeding bouts. The frequency and duration of the first exhaled element of 19 letdown phases were measured, and four measures were made on the highest pitched element of 49 climax phases: duration, maximum and minimum frequencies, and average frequency. No differences were found in these acoustic measures that distinguished calls given immediately upon arrival at a food tree from calls given later during feeding bouts. Thus no evidence was found that an acoustically distinct pant hoot was given uniquely upon arrival at fruiting trees. However, the analyses did suggest that identifiable pant hoot variants are given in different social contexts. The proportion of LD pant hoots decreased in more interactive social contexts, and other acoustic features may be available to distinguish this pant hoot variant at long distances. We suggest that different pant hoot variants might broadcast information specific to social, as opposed to ecological, context. 0 1993 Wiley-Liss, Inc.
INTRODUCTION
Numerous species of birds and primates are known to vocalize upon arrival at rich or otherwise attractive food sources [gallinaceous birds : Collias & Joos, 1953; Williams et al., 1968; Stokes & Williams, 1972; Sherry, 1977; Anderson, 1978; Marler et al., 1986a,b; herring gulls: Frings et al., 1955; house sparrows: Elgar, 1986 ; ravens : Heinrich, 1988; cliff swallows, Brown et al., 1991; spider monkeys: Klein, 1972 , in Chapman & Lefebvre, 1990 ; toque macaques: Dittus, 1984; chimpanzees: Wrangham, 1977; Hauser & Wrangham 19871 . These food calls are known to recruit other individuals, but it is unclear whether the calls provide information about the caller, the food, or some other aspect of the context. Part of the difficulty in interpreting the information content of food calls is that they can be given in a variety of contexts, with food either present or absent. Food calls given in non-food contexts could in theory be used deceptively to attract others to non-existent food. Distinguishing this possibility from non-semantic alternatives is difficult [Marler et al., 1986bl . Therefore the suggestion that chimpanzees have a food call given exclusively in feeding contexts is of special interest.
Wrangham [ 19771 and Plooij [personal communication in Wrangham, 19771 suggested that the pant hoots given by chimpanzees in Gombe National Park (Tanzania) upon arrival at large food trees constituted an acoustically distinct vocalization, the food-pant-hoot. Pant hoots are loud vocalizations, audible at distances estimated as at least 600 m [A. Clark, personal observation] , 1.6 km [Reynolds & Reynolds, 19651, or 2 km [Ghiglieri, 19841 . They commonly occur as part of extended, long-distance vocal exchanges between individuals out of sight of one another [Goodall, 1965; Reynolds & Reynolds, 1965; Nishida, 1968; Sabater-Pi, 1979; Ghiglieri, 19841 . The food-pant-hoot seemed to have clear behavioral consequences, because it was associated with a n increase in the rate at which other individuals arrived at the food tree [Gombe: Wrangham, 1977; Kibale: Ghiglieri, 19843 , thus providing the first indication that a specific chimpanzee vocalization might function semantically. However, no acoustic analyses have been conducted to test the semantic hypothesis. In this paper we combine acoustic and contextual analyses to determine whether an acoustically identifiable variant of the chimpanzee pant hoot vocalization is given uniquely upon arrival at food trees. This analysis constitutes an initial step toward determining if particular chimpanzee vocalizations have specific external referents.
METHODS

Study Area
The research reported here was carried out between May, 1988, and December, 1989 , in the Kanyawara study area of the Makerere University Biological Field Station, located in the north-central part of the Kibale Forest Reserve, Tor0 district, western Uganda. Detailed descriptions of the forest may be found in Kingston [19671, Wing and Buss [19701, Struhsaker [19751, Ghiglieri [19841, and Skorupa [19881. Descriptions of the study animals and how they were located for observation sessions may be found in Wrangham et al. [19921 and Clark [1993] .
Description of the Pant Hoot Vocalization
The chimpanzee pant hoot is a highly variable vocalization uttered by individuals of all ages and sexes in a wide range of behavioral contexts, including arrival a t a new food source, during travel, in response to hearing the calls of another individual or party, during social excitement, and during nesting [Goodall, 19861. Marler and Hobbett [19751 provided the first detailed acoustic description of the pant hoot from Gombe chimpanzees. Analysis revealed that sufficient acoustic variability was present to discriminate between individuals and sexes. No attempt was made to discriminate between calls by context. Instead, the authors described a "typical pant-hooting sequence," the duration of which ranged from 3-23 seconds. This sequence included four phases, two of which are very similar to calls given in other contexts: 1) the "introduction," often omitted, comprised of one or more long, unmodulated, low-pitched elements, similar to the "hoo" vocalization Arrows point to the first exhaled element of each phase. All sounds in the introduction are exhalations. In this exemplar, the first arched element of the build-up phase is exhalation, followed by 4 inhalatiodexhalations, and ending with a n inhalation preceding the first element of the climax phase (the roughness of the elements is due to background noise). The climax phase has two exhaled elements (the first beginning right at the start of the phase), with a lower pitched inhalation between them, and another inhalation preceding the let-down. Acoustic analyses of the climax phase used the highest pitched of the exhaled climax elements, which in this case is the second one. The let-down phase here has three exhaled elements, the first starting at the beginning of the phase, with exhalations between the first and second and between the second and third exhaled elements.
given by distressed individuals; 2) the "build-up," comprised of a highly variable number of low-pitched, unmodulated elements, shorter than those in the introduction, but delivered with increasingly higher amplitude; 3) the "climax," generally absent in females, characterized by one or more long, high-pitched, frequency modulated elements, similar to the scream; and 4) the "let-down,'' often omitted, similar to the build-up. A sound spectrogram of a Kibale pant hoot including all four phases is shown in Figure 1 .
Pant Hoot Recordings Tape recordings of pant hoots (N = 222 calls) were made by one of us (A.P.C.) in the Kibale Forest using a Marantz PMD430 stereo cassette recorder (one channel only), a Sennheiser directional microphone (K3U power module, ME80 recording head) with a windscreen, and CrO, tapes. Recordings were made during ad lib sampling [Altmann, 19741 a t a distance of 10-30 m, usually from the base of fruiting trees. Calls were used for analysis if the age and sex of the vocalizer were known. Vocalizing individuals were either in direct view (N = 210 calls from individuals in food trees; N = 7 calls from individuals on the ground) or approaching (within 5 min before arrival, N = 2 calls) or leaving (within 5 min after departure, N = 3 calls) a food tree under observation. The sample includes 6 pant hoots from adult females, 193 from adult males, and 23 from subadult males. Of these, 4 of the 6 adult female calls, 113 of the 193 adult male calls, and 17 of the 23 subadult male calls were by individuals of known identity (see Clark [1991] for a complete tabulation of recorded pant hoots by individual and context).
Of the 113 calls by known adult males, 85 were from a single high-ranking male (SY). Other high-ranking males contributed 9 (ST), 3 (TU), and 12 (BF) calls [see Wrangham et al., 1992 , for rank determination]. Low-ranking adult males BB and LB contributed 3 calls and 1 call, respectively. Because of the disproportionate number of calls from SY, the sample is not well suited for an analysis of individual variation among adult males in pant hoot acoustic morphology. Thus the following analysis of data, pooled from all adult males, in large part reflects the behavior of this single high-ranking adult male, SY.
The majority of pant hoots recorded at food trees (172 of 215) were given a t eight trees of three species (Ficus natalensis, Ficus ovata, and Ficus saussureana). Because of large fruit crops at these trees, visitation by chimpanzees in general, though not by specific individuals, was highly predictable. Observation of the trees was therefore regularly begun before dawn, permitting us to monitor all early morning arrivals. It was also easiest at these trees to isolate and identify vocalizing individuals.
Few calls were collected away from food trees (N = 13 calls total; N = 10 calls for adult males). Because of the incomplete habituation of the study animals and the dense undergrowth, we normally followed travelling chimpanzees a t a distance of 20-100 meters. Consequently identification of callers and contexts was difficult.
Acoustic Analysis
Sonagrams of calls from known individuals were made on a Kay 5500-1 DSP sonagraph to classify calls according to gross differences in acoustic morphology. Occasionally sonagrams also proved useful, in conjunction with listening, for identifying elements from calls of known individuals when a single other pant hooting individual was simultaneously recorded. If more than two individuals of the same agehex class were recorded (as often occurred with chorusing adult males), it was generally impossible to associate call elements with a specific individual. In these cases only the presence or absence of the let-down phase could be scored, and assigned to an unknown individual of the given agelsex class. Cases in which more than one agelsex class was chorusing, or in which even the final phases of the calls were obscured, were discarded (88 choruses were discarded, and an additional 119 were not recorded at all). There is at present no way to determine whether the exclusion of these calls introduced a bias into the analysis, which would be the case if one pant hoot variant was more likely to elicit a chorus than another, and was therefore systematically undersampled.
The choice of acoustic measures for quantitative analysis of pant hoot elements was based on the observation of variation in the acoustic morphology of call elements during initial visual inspection of sonagrams. Acoustic measurements of call elements were performed digitally on a Dolch 486125 computer using a signal processing program developed for the analysis of animal vocalizations [Engineering Design, 19901 . The calls were sampled at 20,000 points per second, yielding an effective analysis bandwidth of 8 kHz. Measurements of frequency and duration were made from amplitude spectra produced by 512-point Fourier transforms (time resolution = 26 msec). Because of interference from other chimpanzees or background forest noises, not all elements of all calls could be analyzed. Sample sizes consequently vary slightly for the different analyses.
Measurements. All calls in the sample (N = 222 calls) were initially scored for the presence or absence of the let-down phase. This procedure was undertaken in response to two clues about the nature of the proposed food arrival pant hoot. First, R.W.W. listened to pant hoot recordings from a single Kibale adult male (SY) in an effort to identify examples of the food-pant-hoot he had earlier described [Wrangham, 19771 . This test was done without knowledge of the call contexts. All of the calls identified by R.W.W. had let-down phases, and it was the let-downs themselves that he pointed to as the identifying characteristic of the call. Second, Goodall [1986 Goodall [ , p. 1341 states that the "arrival pant-hoot," ending (probably according to individual idiosyncrasy) with rather deep roarlike sounds or higher screamlike calls, is typically given on arrival at a good food source and upon joining another party.
This description leaves open the possibility that the "deep roarlike sounds," which describe the let-down phase, are associated preferentially with arrival a t food sources rather than with joining conspecifics. Since all recorded pant hoots with a let-down phase were given by adult males, only figures for adult males are presented in the results.
Acoustic measurements were made on the let-down (N = 19) and climax (N = 49) phases of pant hoots given by SY. Let-down phases were comprised of 1-3 separate exhaled elements. To ensure independence between calls in the analysis, only one element from each let-down was analyzed. We arbitrarily chose the first exhaled element of each let-down phase (some let-downs contained only one element) for analysis. Two measurements were made on this element: duration (msec) and frequency of strongest energy (Hz). Durations were measured directly from waveforms. The frequency of strongest energy in the let-down was then calculated by performing a 1,024-point Fourier transform (51 msec) beginning a t the midpoint of the element (frequency resolution 20 Hz).
Climax phases were also comprised of a variable number of elements. As above, only one element from each pant hoot climax was analyzed. The element attaining the highest frequency, as assessed by visual inspection, was selected for analysis. This element was selected because it seemed to be the loudest part of the climax, and therefore the best candidate for transmitting a message over a long distance. Four measurements were made on the lowest band of this climax element: duration (as above), maximum and minimum frequencies, and average frequency of strongest energy. The average was calculated because climax elements are relatively long in duration and vary in pitch over time. A cepstral algorithm was employed to compute 100 calculations, each on a 6-msec (128-point) chunk of the signal. Measurements began at the onset of the call element, with successive measurements made at intervals equal to lil0Oth the duration of the signal. The cepstrum was unable to compute values where the acoustic structure was aperiodic, which typically occurred when there was interference in the recording. Average frequency values were discarded if more than 10 (i.e., > 10%) of the calculations over the element were missed.
Comparing calls from different contexts. Five contexts were defined for analysis of the calls. Since relatively few calls were recorded in clearly non-food contexts, the analysis was designed to discriminate between calls given immediately upon arrival a t fruiting trees and calls given later during feeding bouts (contexts 1 and 2 below). There are insufficient data at present to determine whether structural differences exist between pant hoots associated with broadly different contexts (e.g., feeding versus patrolling).
The five contexts in which pant hoots were given are as follows:
1. Within 5 min after arrival at a food tree at which an observer is waiting, and in which the vocalizer is observed to feed (N = 53 pant hoots recorded); 2. After 5 min after arrival a t a food tree a t which an observer is waiting, and in which the vocalizer is observed to feed (N = 121); 3. Within 5 min before arrival at a food tree at which an observer is waiting, and in which the vocalizer is observed to feed (these calls from unseen individuals were included if the only individuals to arrive were adult males) (N = 2); 4. Within 5 min after leaving a food tree a t which an observer is located (only adult male departures included) (N = 3) ; 5. In view travelling, resting, or socializing on the ground (N = 5).
In addition, pant hoots given within 5 min after arrival at a food tree were further examined according to whether the call was given within 1,2,3,4, or 5 rnin after arrival and according to whether the tree was empty or occupied by other chimpanzees when the arriving vocalizer's party arrived.
Pant hoots were compared to determine whether acoustic features were associated with different contexts. Three comparisons were carried out. First, the percentage of pant hoots containing a let-down was compared between different contexts. Based on Wrangham [1977] and Goodall's [1986] indications, a higher percentage of let-down pant hoots was expected upon arrival at food trees. Since initial feeding bouts at large fruiting trees typically lasted an hour or more, the 5 min cutoff point was arbitrarily chosen to define the relatively brief arrival context. Second, pant hoots from adult male SY containing a let-down (N = 19) but given in different contexts (context 1, N = 14; context 2, N = 5 ) were compared to determine if they differed in other acoustic features. Differences in the let-down element itself would open the possibility that the structure of the let-down, as well as its presence or absence, is important as an acoustic marker for this vocalization. Third, the climax portions of all analyzable SY pant hoots (N = 49) were compared by context (context 1, N = 17; context 2, N = 321, and according to whether the pant hoot had a let-down phase, to determine if context-specific differences exist in this portion of the vocalization.
We note that a change in the proportion of times one pant hoot variant is given in a specified context might reflect changes in the production of other variants, rather than (or in addition to) changes in the production of the one under analysis. Thus an ideal analysis would have compared the rates at which different pant hoot variants were given in different contexts. However, it was always the case that some fraction of the pant hoots given by individuals at fruiting trees were not analyzable acoustically, either because they were masked by vocalizations from other individuals, were only partially recorded, or were not recorded at all. Consequently accurate rate data are not available.
Statistical Tests
x2 tests were employed to determine whether significant differences existed between contexts in the percentage of pant hoots that had a let-down phase (i.e., to determine whether the proportion of calls with a let-down was independent of context). Based on observations by R.W.W. and Goodall [1986] indicating that let-down pant hoots are given preferentially upon arrival at fruiting trees, as described above, the tests in this analysis were l-tailed.
One-way ANOVA was used to test for differences between mean values of acoustic measures of calls in different contexts. Where sample sizes were low (N < lo), non-parametric tests (Mann-Whitney U , Kruskal-Wallis) were also performed, and their results reported if they produced a result different from the ANOVA result at the probability level of P < .05, which was used to define significance. aNumbers in parentheses represent total number of calls for that sample. Abbreviations for significance levels of 1-tailed xz tests of independence: *, P < .l; **, P < .05; ***, P < ,001.
RESULTS
Percentage of Recorded Pant Hoots With a Let-Down Phase in Different Contexts
Of 193 adult male pant hoots, 38 (19.7%) had a let-down. A significantly higher percentage of pant hoots had let-downs in context 1 (within 5 min after arrival at a food tree: 23 of 53, or 43.4%) compared with context 2 (after 5 min after arrival to a food tree: 13 of 123, or 10.6%) (x2 = 24.5, df = 1, P < .001, 1-tailed). No recorded pant hoots given while approaching (context 3, N = 2 calls) or leaving (context 4, N = 3 calls) a food tree had a let-down. No recorded pant hoot given in view of the ground (context 5, N = 5 calls) had a let-down.
Since the highest percentage of let-downs occurred within 5 min after arrival at a food tree (43.4%), this category was examined in more detail. Table I shows the percentage of pant hoots with let-downs given within 1, 2, 3, 4, and 5 min after arrival a t all food trees. At each minute closer to arrival at the tree, the percentage of pant hoots with a let-down increased, from 43.4% at the 5-min cutoff to 60.0% (N = 25 calls) at the 1-min cutoff. At every minute, a greater percentage of pant hoots with a let-down occurred before the minute (x2, P < .001). Table I also shows percentages for arrivals at empty vs. occupied food trees. At 4 of the 5 min analyzed, the percentage of pant hoots with a let-down phase was higher for arrivals at empty trees (x2, P < .05; for the fifth case, P < .1). The percentage at empty trees increased from 52.9% a t 5 min to 75.0% a t 1 min (N = 34 and 16 calls, respectively), while the percentage a t occupied trees increased from 26.3 to 33.3% (N = 19 and 9 calls, respectively).
To summarize, the proportion of recorded pant hoots with a let-down was higher in the first 5 min after arrival at food trees than in other contexts. Within the first 5 min, the proportion was greatest immediately upon entering the trees, and declined each minute thereafter.
Acoustic Analysis: Comparison of Pant Hoots Given Before and After 5 Min After Arrival at a Food Tree
The let-down element. Let-downs given in context 1 (N = 14) did not differ significantly from those given in context 2 (N = 51, in either the duration or frequency of the first exhaled component (1-way ANOVA: P > .1 for both). The mean duration of all let-downs was .19 msec (range = .05-.34 msec, SE = .022). The mean frequency of all let-downs was 309 Hz (range = 156-527 Hz, SE = 21 236).
The climax element. Table I1 shows values for the duration, average frequency (Average F), maximum frequency (Maximum F), and frequency range (F range) of the highest-pitched climax element of 49 pant hoots given by SY. No significant differences were found between contexts 1 and 2 for any acoustic measure (1-factor ANOVA, P > .1 for all comparisons). The climax element compared between let-down and non-let-down pant hoots. The climax element of pant hoots with a let-down had a significantly greater within-call frequency range than pant hoots without a let-down (Table 11) (1-factor ANOVA, F = 9.02, P < .005). No other significant differences were found (1-factor ANOVA, P > .1 for all comparisons).
DISCUSSION
To test the hypothesis that a chimpanzee loud call is given uniquely upon arrival a t food trees we focussed on LD pant hoots (i.e., those with a final roar-like phase called the "let-down" by Marler and Hobbett [1975] ), which we identified by ear as being a likely candidate. Our data show that LD pant hoots were indeed associated with food arrival contexts. Thus, LD pant hoots were heard only from adult males, who are the only agehex class to initiate pant hoots on arrival at unoccupied food trees. The percentage of LD pant hoots (in relation to all pant hoots) rose from 19.7% in all contexts, to 43.4% within 5 min of arrival at a food tree, to 60.0% within 1 min after arrival at all food trees, to 75.0% for calls given within 1 min after arrival at unoccupied food trees. No non-food-context pant hoots had let-downs; however, the sample of non-food-context calls was too small to know if this was generally true (N = 10 calls from an unknown number of individuals). The proportion of LD pant hoots given within a specified minute after arrival was significantly greater at empty trees than at trees already occupied by chimpanzees, for 4 of the 5 min analyzed (Table 11) . These data clearly indicate that LD pant hoots were associated both with food trees and with first arrival at them.
This conclusion might suggest that LD pant hoots are calls adapted for longdistance transmission of information about food. However, although we found that LD pant hoots were associated with the food arrival context, they were also given during other periods of the feeding bout. No acoustic differences were found in the let-down or climax phases of pant hoots given a t arrival vs. those given later during feeding bouts (although the climax phases of LD and non-LD calls did differ, suggesting the presence of more than one potential information-bearing component in this call). This means that LD pant hoots either conveyed information about something other than arrival at food sources, or were frequently deceptive. Although we cannot distinguish between these possibilities, frequent deception seems unlikely to be a stable strategy in view of the chimpanzee's ability to adjust social favors in relation to the outcome of interactions [de Waal, 19891 . More plausibly, LD pant hoots are one of a number of variants that convey information about the social context, possibly in addition to the food arrival context. Thus we found that significantly more LD pant hoots were given upon arrival a t unoccupied than at occupied food trees. Taken together with evidence that adult male chimpanzees are intensely social [Goodall, 1986; Wrangham et al., 19921 , our observations suggest that LD pant hoots may convey unusual interest in recruiting other individuals rather than information about a specific ecological context.
CONCLUSIONS
1.
A sample of 222 pant hoots recorded in Kibale Forest was analyzed for the presence of a let-down phase (LD pant hoots). The percentage of LD pant hoots was highest immediately upon arrival at unoccupied food trees, but LD pant hoots also occurred at other times during feeding bouts. Further data from definitively nonfood contexts are needed to determine whether let-downs are primarily associated with feeding in general.
2. Acoustic analyses were conducted on 49 pant hoots given by high-ranking adult male SY. The frequency and duration of the first exhaled element of 19 let-downs were measured. Four measures were made on the highest pitched element of 49 climax phases: duration, maximum and minimum frequencies, and average frequency. These acoustic measures were compared between two different contexts-that is, within 5 min after S Y arrived a t a food tree, and greater than 5 min after SY arrived at a food tree. No differences were found in these acoustic measures that distinguished calls given immediately upon arrival at a food tree (i.e., in the first 5 m i d .
3. LD pant hoots decreased in frequency in more interactive social contexts. A difference in the climax phase was found between LD and non-LD pant hoots, indicating that there are potentially two information-bearing components in the LD pant hoot. The LD pant hoot might broadcast information specific to social, as opposed to ecological, context.
